Introduction
============

Vertebral compression fractures (VCF) constitute a major health problem affecting more than 1.4 million people each year worldwide, leading to pain, significant morbidity, and healthcare expenses \[[@B1]\]. Vertebroplasty (VP) and balloon kyphoplasty (BKP) are minimally invasive techniques that have been successfully employed to treat painful VCFs \[[@B2],[@B3]\]. BKP pertains to the application of an inflatable balloon that creates a cavity before cement augmentation and was introduced in the late 90s.

BKP has been traditionally performed bilaterally, especially in the lumbar spine. However, the unilateral approach is gaining popularity due to decreased surgical time, radiation exposure, costs and overall complication rate \[[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B10],[@B11]\]. Whereas most authorities feel that both approaches yield similar results, a couple of the existing comparative studies reported the superiority of the bilateral approach in terms of kyphosis reduction \[[@B12],[@B13],[@B14]\], with one group reporting opposite results between the early \[[@B12]\] and late phases \[[@B14]\].

To resolve this controversy, we performed a retrospective comparative study of unilateral vs. bilateral BKP in a uniform cancer population (patients with multiple myeloma). The null hypothesis of our study was that both operations provide equal pain relief, height restoration and cement filling in the fractured vertebrae. We also analyzed the technical aspects of the unilateral procedure and stress the importance of preoperative planning (especially using preoperative magnetic resonance imaging \[MRI\]) for the execution of BKP in an easy, safe and quick fashion.

Materials and Methods
=====================

1. Preoperative planning/surgical technique
-------------------------------------------

The desired trajectory is drawn in an axial image in the level of the pedicle of the fractured vertebrae ([Fig. 1A](#F1){ref-type="fig"}). The entry point/site of incision should lie at a distance from the midline, with this distance calculated by the intersection of the cannula trajectory (line γ) with the skin line (line a).

The insertion angle can also be estimated (angle ω) and the surgeon may get an idea of the inclination of the Jamshidi needle. If the angle is 45°, as known by the geometry of the right triangle, in each step the trocar should move an equal distance in the anteroposterior (AP) and lateral (L) radiographs. As the angle diminishes (i.e., away from midline) the ratio between the L/AP increases (the trocar moves \"faster\" in the L plane than the AP plane).

Angle φ ([Fig. 1B](#F1){ref-type="fig"}) gives a good approximation of the inclination that the trocar should have at the sagittal level. It also provides good evidence for the inclination that the fluoroscopy C-arm should have for each vertebra (\"true\" AP view) to \"square\" the endplates and avoid the \"parallax\" phenomenon.

After prepping and draping in the usual fashion, we positioned the biplanar fluoroscopy. The fracture level was identified and then a dotted line parallel to the midline was drawn on the skin in the distance calculated from the MRI (in this case a=4.4 cm) ([Fig. 2](#F2){ref-type="fig"}). The exact entry point was then found from the lateral radiograph, in line with the dotted skin line. A blunt instrument was used to calculate the desired trajectory in the sagittal view. The tip of the instrument was seen on fluoroscopy ([Fig. 3A](#F3){ref-type="fig"}), and if it was felt to be in an optimal position, it served as our definitive entry point. We did not use the anteroposterior or oblique radiograph for localization of the entry point. Those were used later, as soon as the Jamshidi needle came in contact with the bone. The remainder of the procedure was performed as described thoroughly in the literature \[[@B15]\]; trocar insertion ([Fig. 3B](#F3){ref-type="fig"}) and final radiographs after the same steps were repeated at each level as shown in [Fig. 4](#F4){ref-type="fig"}.

[Figs. 5](#F5){ref-type="fig"},[6](#F6){ref-type="fig"},[7](#F7){ref-type="fig"} depict unilateral kyphoplasties in the lower lumbar spine.

We retrospectively reviewed 112 myeloma patients who underwent 690 consecutive BKP procedures of the thoracolumbar spine (Kyphon Inc., Sunnyvale, CA, USA) in a single tertiary cancer center between October 2007 and August 2010. 410 levels were done in the thoracic and 280 levels in the lumbar spine, 310 through a bilateral and 380 with a unilateral procedure. Patient were candidates for cement augmentation if they had a VCF with at least 20% loss of anterior or middle vertebral body height and persistent pain not related to other causes as determined by the clinical exam, and imaging (e.g., discogenic or fascetogenic pain); the pain level should have been at least 4/10 on a numerical scale, and not responsive for at least 2 weeks to conventional medical therapy, including narcotic analgesics, bracing, physical therapy, and bed rest. Symptoms had to be localized to the index vertebral body, and MRI (STIR sequence) was used to confirm the presence of edema in the fractured vertebra(e), which implied an acute or non healed state \[[@B16]\]. However, due to multi-level bone marrow involvement in the majority of cases, we frequently performed prophylactic augmentation in the adjacent vertebrae, especially in the thoracolumbar junction, to avoid subsequent fractures.

Inclusion criteria were: 1) acute or subacute fractures (fracture age up to 3 months, calculated from the time elapsed from the onset of symptoms up to the day of surgery), 2) satisfactory visualization of the end plates, 3) minimal follow up of three months, and 4) index level fracture with collapse and edema in the MRI. 69 patients met the inclusion criteria. 57% of the patients were males and the mean age was 61.6 years (range, 44-79 years). 105 levels were augmented overall; in 51 levels a bilateral procedure was done vs. 54 levels unilaterally. In 36/69 patients both approaches were used (\"hybrids\"), while the remaining 33 patients underwent unilateral or bilateral-only procedures. Mean age in the unilateral group was 61.7 (±9.86) years vs. 63.7 (±9.44) years in the bilateral group (*p*=0.3). The unilateral group contained 28 thoracic and 26 lumbar fractures, while the bilateral had 24 thoracic and 27 lumbar fractures.

Regarding procedure selection, we generally favored the unilateral approach in the thoracic spine; in the lumbar spine we preferred the unilateral approach whenever preoperative planning indicated it was safe and feasible (the trajectory reaching the midline at the middle or anterior third of the vertebral body without violation of the medial wall of the pedicle, such as is shown in [Fig. 5](#F5){ref-type="fig"}). If the unilateral approach appeared hazardous preoperatively or the balloon was placed eccentrically or the cement did not cross the midline \[[@B17]\], we had a low threshold to go bilaterally. The same applied for severely collapsed thoracolumbar fractures.

The numerical pain scale (0-10; 0, no pain; 10, worst imaginable pain) was compared before the operation and 3 months postoperatively, as retrieved from the medical records. This was done for the whole group, and also stratification was done according to the operation type. Vertebral height (anterior, middle, and posterior) was measured digitally (Emageon Inc., Birmingham, AL, USA) preoperatively, postoperatively and at three months using lateral radiographs of the spine ([Fig. 8](#F8){ref-type="fig"}). This was done simultaneously by the spine fellow (M.E.) and an experienced radiologist (R.M.). The absolute difference was reported in millimeters and compared between treatment groups. The amount of PMMA injected in each vertebral body was recorded from the intraoperative note. Finally, cement extravasation into the spinal canal was noted either from the patient\'s chart or postoperative radiographs, since it has been suggested that unilateral BKP may lead to a higher extravasation rate in this critical area \[[@B12],[@B13]\].

We used SPSS ver. 19.0 (IBM Co., Somers, NY, USA), for the statistical analysis. For pain ratings, height restoration and cement filling, we used the *t*-test, while for canal extravasation, we used Fisher\'s exact test. Results were considered significant at *p*\<0.05.

Results
=======

Mean pain level before the operation was 7.9 points and was reduced to 2.5 points 3 months postoperatively. This 5.4 point difference was statistically significant (*p*\<0.0005, paired samples t-test) and should be considered also clinically relevant (more than 30% improvement from baseline pain) \[[@B18]\]. The mean pain improvement in the unilateral group was similar with the bilateral group (5.4 points vs. 5.5 points, *p*=0.8, independent-samples t-test). When we excluded patients that had hybrid procedures from the analysis, the same results were drawn (5.6 vs. 5.4, *p*=0.8).

The mean anterior height before the operation was 27.1 mm and was restored to 27.8 mm postoperatively (*p*\<0.0005, paired samples t-test); this was sustained three months after the operation (27.7 mm, *p*\<0.0005). The eta squared statistic \[[@B19]\] indicated a large effect size (0.54). The middle height was 25 mm and was restored to 26.8 mm (*p*\<0.0005) and 26.7 mm at 3 months, with a large size effect again (eta squared: 0.67). This depicts the fact that the majority of fractures were biconcave and most of the correction was done in the middle of the vertebra. Posterior height measurements were 27.9 mm, 28.1 mm (*p*\<0.0005) and 28 mm respectively. However, the magnitude of difference in the means (1.4 mm) indicated a moderate size effect (eta squared: 0.12).

The height restoration in the anterior border was 0.62 mm in the unilateral vs. 0.74 mm in the bilateral group (preoperative vs. postoperative, *p*=0.3, unpaired *t*-test). In addition, the magnitude of differences in the means (1.2 mm) was very small (eta squared: 0.009). In the middle of the vertebra where most of the height gain was encountered, values were 1.75 mm vs. 1.8 mm respectively (*p*=0.8), with a negligible size effect (0.5 mm, eta squared \<0.0005). In the posterior border as expected there was minimal restoration (0.1 mm vs. 0.19 mm, *p*=0.2). At the 3-month interval, there was less than a 1 mm collapse (which was more pronounced in the middle aspect-0.95 mm), with minimal difference between the procedures.

The mean cement volume in the unilateral group was 4.1 mL vs. 4.9 mL in the bilateral (*p*=0.002). The ratio of thoracic fracture to lumbar fracture was 1.07 in the unilateral vs. 0.88 in the bilateral group, although this was not significant (chi-square test with Yates continuity correction, *p*=0.7).

No serious complications were encountered in any of the cases. In 13.3% of the levels, cement extravasation was reported in the disk space and in 4.8% in the spinal canal. From the latter extravasations, 3 happened in the unilateral vs. 2 in the bilateral group (*p*=0.5, Fisher\'s exact test); none was symptomatic. Results are summarized in [Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}.

Discussion
==========

Traditionally, vertebral augmentation procedures (VAPs) have been described with bilateral pedicle cannulation \[[@B15],[@B20]\]. However, gradually surgeons performed the procedure unilaterally, especially in the thoracic spine. The advantages are obvious: less radiation exposure, reduced cost, less operative time and potentially fewer complications. Also interpretation of fluoroscopic images is easier, since the introduction of the second cannula may obscure the field of vision. The majority of the studies in the literature, either biomechanical \[[@B7],[@B9],[@B17]\] or clinical \[[@B4],[@B5],[@B6],[@B8],[@B10]\], support its use and equivalent effectiveness with regard to the bilateral approach, with satisfactory cement filling and coronal alignment. However, few comparative studies have been published up to date; there are 4 studies on osteoporotic fractures \[[@B11],[@B12],[@B13],[@B14],[@B21]\] and 1 on cancer-related fractures \[[@B22]\]. This is the second and biggest comparative study in a uniform cancer population, the first being a small series of 19 levels overall \[[@B22]\]. Chen et al. \[[@B12]\] reported no difference in clinical outcomes; regarding height restoration, the authors found that the bipedicular group had more correction in the early postoperative period, whereas with longer observation (up to 2 years), both techniques yielded similar results \[[@B14]\]. Chung et al. \[[@B13]\] reported superior reduction in the kyphotic angle in the bilateral group, which was sustained until the last follow-up, although the pain reduction was similar between the groups. Song et al. \[[@B21]\] in a retrospective series reported no radiological differences although the unilateral group had more pain relief. In a more recent study, the authors claimed both approaches to be clinically and radiographically equivalent, except for the less radiation exposure and shorter surgical time in the unipedicular procedure \[[@B11]\]. Finally, in the small retrospective cancer cohort reported earlier, the authors found no clinical or radiological differences among the procedures, although they did report a trend favoring better kyphosis reduction in bipedicular kyphoplasty \[[@B22]\]. In our study, significant pain reduction and height restoration were observed after the operation, with the restoration more pronounced in the middle of the vertebra. We did not encounter a difference in clinical or radiological parameters between the treatment arms.

The only difference observed was the larger cement volume injected in the bilateral operation, in agreement with other published studies \[[@B11],[@B13],[@B14]\]. However, it is unknown if this difference in cement filling (0.8 mL) has clinical relevance, since the optimal amount of cement has not been determined; filling as low as 14% or 3.5 mL has been suggested as sufficient in restoring vertebral stiffness \[[@B23]\]. Additionally, the bigger ratio of thoracic to lumbar surgeries in the unilateral group influenced to a certain extent this difference (smaller cement volume in the thoracic spine). Again, the notion that if there is unsatisfactory filling (cement not crossing the midline \[[@B17]\]), one should have a low threshold to go on both sides should be emphasized. Finally, although studies failed to show lateral wedging after the unipedicular approach \[[@B7],[@B8]\], if the surgeon is doing multiple levels and feels there is uneven cement distribution, he may very well alternate sides.

A potential problem reported in the literature with unilateral kyphoplasty is cement extravasation in the spinal canal \[[@B12],[@B13],[@B24]\]. Due to the more medialized trajectory, the trocar gets closer to the spinal canal, so the surgeon should interpret radiographs carefully. Special attention should be paid if the balloon or cement goes backwards. If the cement goes backwards towards the canal, the operator should either wait until the cement hardens and then proceed very slowly or go to the contralateral side. In our study, there was no difference in canal extravasation between the groups, although we do recognize the higher propensity for canal extravasation in the unilateral technique.

The role of preoperative planning for executing VAPs has been underestimated, with most authorities making the incision site 1 cm lateral to the costotransverse junction in the thoracic spine and 1 cm lateral to the transverse process in the lumbar spine, as suggested by intraoperative fluoroscopy \[[@B8],[@B10]\]. However, this simplistic approach does not take into account individual body habitus. Ryu et al. \[[@B10]\] reported a novel method to estimate the entry point: through 3 parallel lines in the AP, an intersecting line is drawn in the lateral view with a constant dimension ratio. Whereas the technique is intriguing, we find it complex and difficult to apply in comparison with our method. Another interesting technical note was published by Chang et al. \[[@B6]\] in relation to the use of oblique fluoroscopy. The authors challenged the traditional 20° to 30° inclination of the C-arm suggested by others \[[@B5]\] and calculated the individual needle angle from an axial MRI. They also stressed the importance of accurate identification of the entry point and correct sagittal and axial plane angulation of the needle. It appears to be a good technique for surgeons who use a single C-arm and are familiar with the oblique view. In a recent technical note of extrapedicular kyphoplasty, the authors also utilized MRI or computed tomography scanning to estimate the insertion angle and aimed the needle to the supero-lateral corner of the pedicle \[[@B24]\].

The unipedicular approach is almost always feasible in the thoracic spine via the costotransverse approach, as described early on by Brugieres et al. \[[@B25]\]. In the lumbar spine, the presence of descending lumbar nerve roots makes this technique more challenging \[[@B6]\]. However, with the approach we describe, in many cases it is feasible, with a more medialized direction starting from the mamillary process and aiming at the middle of the vertebral body, especially in the lower lumbar spine. Long and narrow pedicles, like in the mid-upper lumbar spine where the nerve roots lie closer to the vertebral body \[[@B26]\], may make its application more hazardous. Recent reports claim that even extrapedicular approaches may be feasible in the lumbar spine and suggest a safe extrapedicular zone, located between the junction of the body and the supero-lateral corner of the pedicle \[[@B24]\].

There are certain limitations in our study since this was a retrospective series and selection bias may apply. We generally opted for the unilateral procedure in the thoracic spine and whenever possible (as determined by the preoperative planning) in the lumbar spine. Second, interpretation of the clinical outcome (pain) may be confusing due to patients experiencing multiple fractures or having augmentation with both techniques (hybrids). We tried to ameliorate this problem by performing additional analysis, excluding those patients who had yielded similar results. Finally, we chose to compare only absolute height restoration and not kyphotic angle reduction or relative height restoration for several reasons: due to the predominance of biconcave fractures, the use of the kyphotic angle would underestimate the overall reduction; additionally, restoration relative to the initial height as calculated by adjacent vertebrae was not possible in many cases due to the presence of multiple adjacent fractures. Regarding our proposed technique, there are also some limitations: First, the MRI was performed with the patient lying supine, while the procedure was performed while the patient was in the prone position. However, we have not found this to cause a significant discrepancy; plus our method does not pertain to millimeter accuracy. Second, sometimes thin cut axial images may not be available, missing the level of the pedicle or not being parallel to the superior endplate. Finally, a bipedicular approach or augmentation with curved curettes or newer cannula designs may make the need for exact estimation of the skin entry less mandatory.

Most of the fractures in our cohort of multiple myeloma patients were biconcave, depicting some of the distinctive features of this population, although similar morphology has occasionally been predominant in other osteoporotic series \[[@B27],[@B28],[@B29]\]. Similar to the observation of Pradhan et al. \[[@B27]\], most of the reduction happened in the middle of the vertebral body and unilateral kyphoplasty may have a benefit since it places the inflatable balloon more centrally in the body. In an osteoporotic patient with a solitary fracture, kyphosis reduction may be desirable and the bilateral procedure may have a theoretical advantage-although not proven as discussed above-without significantly delaying the operation. In the cancer setting, things may be totally different: multiple levels may need to be done in patients with significant co-morbidities where pain reduction is the only goal and kyphotic reduction may not apply. In this scenario, it is easy to understand why a unilateral approach may be preferable since it leads to significant reduction in the operative time and hazards of surgery, multiplied by the number of levels performed. Bilateral kyphoplasty may be preferable in cases of vertebra plana since on those occasions the lateral pillars of the vertebral body tend to be better preserved than the middle portion.

Conclusions
===========

In our study there was no difference in the clinical or radiological outcome between the unilateral and bilateral approach. Therefore, in a cancer population, unilateral kyphoplasty should be performed whenever technically feasible-as determined by preoperative planning-without compromising results. We also present an easy and fast method for estimating the skin entry point in vertebral augmentation procedures. The role of preoperative MRI should be emphasized in planning/executing the procedure and identifying the patient\'s individual anatomic landmarks.
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![**(A)** Preoperative planning: an axial magnetic resonance imaging (MRI) is chosen at the level of the pedicle to be cannulated. Line γ represents the desired needle trajectory in the axial plane, line a the distance of the skin entry point (in this case 4.4 cm) from the midline, and angle ω the insertion angle (59.81°). **(B)** Sagittal MRI at the level of the pedicle to be cannulated. Line β represents the desired needle trajectory in the sagittal plane and angle φ the inclination in the same plane (13.21° in this case).](asj-8-244-g001){#F1}

![The midline is marked by palpating the spinous processes. A parallel line (dotted line) is drawn in the distance calculated from the axial image (a); a blunt instrument is used for localization of the exact entry point (along the dotted line).](asj-8-244-g002){#F2}

![**(A)** If the tip of the blunt instrument (black arrow) corresponds with the desired needle trajectory (white dotted line), it is marked as the final entry point. **(B)** Insertion of the working cannula/balloon.](asj-8-244-g003){#F3}

![Final radiographic outcome after the procedure was repeated at adjacent levels.](asj-8-244-g004){#F4}

![Axial T1 magnetic resonance imaging at L5 level indicates the optimal trajectory and entry point (10 cm from midline).](asj-8-244-g005){#F5}

![Postoperative radiographs show satisfactory cement filling after unilateral operation in all levels.](asj-8-244-g006){#F6}

![Clinical image demonstrating the skin entry points.](asj-8-244-g007){#F7}

![**(A, B)** Measurements of the anterior, middle and posterior border of the vertebrae, before and after the procedure respectively.](asj-8-244-g008){#F8}

###### 

Clinical and radiographic outcomes for the whole cohort

![](asj-8-244-i001)

^a)^*p*-value refers to preoperative-postoperative values comparison; ^b)^*p*-value refers to preoperative-3 months postoperative values comparison.

###### 

Comparison between the unilateral and bilateral groups

![](asj-8-244-i002)

^a)^Refers to all patients while ^b)^excludes patients with hybrid procedures; height restoration represents absolute values: ^c)^postoperative minus preoperative height and ^d)^3 months postoperative minus preoperative height.
